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The  febrile  response  produced  by  intravenous  administration  of  bacterial 
endotoxin is thought to be mediated  by a  substance present  in polymorpho- 
nuclear leukocytes (1, 2). 
Extracts of such cells have been shown  to  contain a  pyrogenic substance which 
differs from endotoxin (3-5), and a similar substance has been found in plasma during 
the period of endotoxin fever (6, 7). This material has a more direct effect than endo- 
toxin on the central nervous system in producing fever (8). Endotoxin also affects the 
number of circulating granulocytes; the decrease  which  regularly follows endotoxin 
administration is  temporally related  to  the  fever response  (9).  In vitro interaction 
between polymorphonuclear leukocytes and  endotoxin  liberates  leukocyte pyrogen 
while endotoxin is inactivated (10). These studies have led to the postulate that endo- 
toxin fever results from the central action of endogenous  pyrogen released by injured 
polymorphonuclear leukocytes (1, 2,  11). 
A major objection to this hypothesis has been the normal febrile response  to endo- 
toxin in animals made leukopenic by mechlorethamine (HN2) administration (12-14). 
This finding  has been explained  by postulating a  direct action of endotoxin on the 
central nervous system heat-regulating centers  (15) or the presence of a  pyrogenic 
substance in cells other than leukocytes (16). The former view is possibly supported 
by the  demonstration of a  febrile  response  to intrathecally administered endotoxin 
and by failure to demonstrate endogenous pyrogen in the serum of leukopenic animals 
after  endotoxin  injection  (15).  Tissues other  than leukocytes have been  found  to 
contain no pyrogenic substances with properties resembling leukocyte pyrogen (16, 17). 
This paper presents data  concerning the response of leukopenic animals to 
endotoxin and indicates that  the febrile response in these animals is approxi- 
mately proportional to the number of polymorphonuclear leukocytes remaining 
in  the  circulation.  Agranulocytic  animals  show  no  significant  increase  in 
temperature. 
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Materials and Methods 
Male, albino rabbits weighing 2.5 to 3.0 kg. were studied. They were housed in individual 
cages in an air-conditioned room where the studies  were performed.  For several hours  on 
3 to 4  successive days prior to study, and  during the period of study,  they were placed in 
specially constructed boxes; food and water were withheld. Rectal temperatures were measured 
for 45 to 60 minutes prior to endotoxin injection and for 5 hours afterward with a thermistor 
device (telethermometer, Yellow Springs Instrument Co., Yellow Springs, Ohio). The methods 
for counting leukocytes and  preparing blood smears for  differential cell counts have been 
previously described (9). The endotoxin was Escherichia coli llpopolysaccharide (baeto lipo- 
polysaechaxide,  E.  coli  026:B6,  Difco  Laboratories,  Detroit)  suspended  in  pyrogen-free, 
sterile,  physiologic saline.  This  was  given intravenously.  Nitrogen  mustard,  (mustargen  ® 
hydrochioride, Merck, Sharp & Dohme, Philadelphia), freshly mixed in sterile, endotoxin-free, 
physiologic saline in a concentration of 1.0 rag.  per ml. just prior to injection, was adminis- 
tered into a marginal ear vein. The initial dose of HN2 was 2.5 mg./kg. A second injection of 
0.5 mg./kg, was given 24 to 48 hours later to sustain the leukopenia. The febrile response to 
endotoxin was measured 4 days after the initial HN2 injection, the time of maximum leuko- 
penia. 
Serum endogenous pyrogen was obtained from donor rabbits injected with 10 #g. of E. 
coli endotoxin. They were bled by cardiac puncture 120 minutes later using sterile, endotoxin- 
free syringes and needles.  The blood remained for 1 hour at room temperature while dotting, 
was stored overnight at 40C., and the serum collected by centrifugation. Sterile, endotoxin- 
free glassware was used for these procedures. The collected serum was pooled, stored at 4"C., 
and  administered  to  recipients within  5  days.  Serum,  warmed  to  room  temperature,  was 
injected into a marginal ear vein of the recipient. 
RESULTS 
Production of Granulocytopenia: 
Nitrogen mustard  was  used  in  doses  larger than  those  of other investigators studying 
endotoxin fever  (12,  14,  15);  this  produced  maximum  granulocytopenia 4  days  after  the 
initial injection. The initial injection of 2.5 mg./kg, was followed 48 hours later by a second 
injection of 0.5 mg./kg. With this regimen 3 of 37 animals died within 4 days. A high mor- 
tality resulted when the second HN, injection was given 24 hours following the first; 3 of 4 
animals died within 4 days. 29 animals had circulating granulocyte counts less than 50 per 
mm.  3 of blood 4 days after the initial HN~ injection (Table I). 5 bad no detectable granulo- 
cytes in the circulating blood and 1 had 6 basophils per mmY as the only granulocytes. 
Lethality of Endotoxin in Leukopenic Animals: 
Ten rabbits,  made leukopenic  with HN2, received  0.5  ml.  of  commercial 
typhoid vaccine  intravenously at the time of maximal  leukopenia.  All died 
within  6 hours.  5 additional leukopenic animals died within 6 hours following 
intravenous injection of 20/zg. of E. coli lipopolysaccharide. Numerous control 
animals  have been given doses of equivalent and greater magnitude without 
significant mortality. None of the leukopenic animals given 5 to 12 #g. of E. 
coil lipopolysaccharide  (approximately 2  to  4  /~g./kg.)  died  within 6  hours 
(Table  I). Some of these animals died within 24 hours  but the majority sur- 
vived  a  second and third daily injection  of the same dose of endotoxin.  The HER.ION,  WALKER,  AND  PALMER  1117 
animals  that  died within  24  hours  after  receiving  endotoxin had  either  no 
detectable  circulating  granulocytes or  only  basophilic  granulocytes  (Table 
I). Recovery from granulocytopenia was apparent in all animals surviving two 
or three daily injections of endotoxin. Animals with agranulocytosis or with 
basophils as the only kind of granulocyte appear to have an increased suscepti- 
bility to the lethal effects of endotoxin. 
Febrile Response of Agranulocytic Animals to gndotoxin: 
Six rabbits with less than 1000 lenkocytes per turn? of blood, and no circu- 
lating granulocytes other  than basophils,  failed to  develop  significant fever 
TABLE I 
Lethality of Endotoxin in Granulocytopenic Animals 
Granulocytes cir- 
culating per mm.t 
blood 
0 
1--49 
50-99 
100-500 
>500 
Totals .... 
* Only ba~ophils circulating. 
Ist  injection 
No. injected/No. 
dead in 24 hrs. 
12 ~g.  5 ~g. 
2/1  3/3 
4/1"  20/0 
0  2/0 
0  2/0 
0  1/0 
6/2  28/3 
2nd injection 
No. injected/No,  dead  in 
24 hrs. 
12 ~g.  5 ~g. 
2/2  1/1 
0  2/2* 
2/0  2/0 
0  2/0 
o  lS/O 
4/2  22/3 
3rd injection 
No. injected/No, dead  in 
24 hrs. 
12  ~g.  5 ~g. 
o  o 
o  o 
o  o 
o  o 
2/0  19/0 
2/0  19/o 
after the first injection of endotoxin (Table II). 4 other animals, with circulat- 
ing granulocytes and a febrile response to the first endotoxin injection, failed 
to develop fever when given a  second injection of endotoxin 24 hours later. 
At this time only basophilic granulocytes were present in the blood. 1 animal 
exhibited  agranulocytosis on  2  successive  days; no  fever  was  produced  on 
either day by 5 #g. of endotoxin. Eleven injections of endotoxin, representing 
either the first or second exposure, were given to animals with no circulating 
granulocytes or only basophils, but none developed significant fever during the 
6 hour test period.  No  difference in the response  to endotoxin injection has 
been  observed  between  animals  without circulating granulocytes and  those 
with only basophils. Neither developed significant fever. 
Febrile Response of C-ranulooytopenic  Animals to gndotoxin: 
Table  III shows the febrile response  to  endotoxin of severely leukopenic 
animals with  a  few granulocytes other  than  basophils  in  the  circulation.  4 1118  ENDOTOXIN FEVER 
TABLE  II 
Maximum Fever Response in the Absence of Circulating Granulocytes 
No. of animals 
4* 
3~ 
2 
2 
5§ 
Administration of endotoxin 
Dose  Quantity 
~g. 
1st  5 
2nd  5 
1st  12 
2nd  12 
0  0 
Mean baseline 
temp.  °C. 
39.90 
40.48 
40.65 
38.90 
39.54 
Maximum fever, °C. 
Min. 40.100  Min.  180-240 
0.23  0 
0.27  0 
0.13  0 
0.10  0 
0.24  0 
* 1 animal with 6 basophils only per mm.  3 of blood. 
2 animals with basophils only; one with 33 and one with 37 per mm.  3 of blood. 
§ Control animals received no  endotoxin; temperature  recorded for 6 hours. 
TABLE  III 
Endotoxin Fever in HN~-Treated Animals 
Circulating granulocytes 
per mm.a 
Group I 
10-50 
Group II 
(Controls) 
3226 4.  1893 
Group III 
(24 hrs. after HN2) 
3973 4-  1063 
Group I A 
10-50 
Group II A 
(Controls) 
i 
i 
Endotoxin  No. of 
dose  I  animals 
5  20 
15 
12 
12 
Baseline temp.  °C 
Mean 4- s.g. 
39.70  4-  0.15 
39.21  ±  0.14 
39.89  4- 0.33 
38.96  4.  0.23 
39.00  4-  0.50 
Maximum Fever °C. 
60-120  min. 
Mean 4- S.~. 
1.00  4.  0.18 
1.59  4-  0.12 
1.33  4-  0.19 
1.09  4.  0.19 
1.65  4-  0.05 
160-200  min. 
Mean -4- s.E. 
1.24  4- 0.10 
2.33  4.  0.17 
1.79  4-  0.17 
1.88  4-  0.11 
2.55  4-  0.25 
days after the initial injection some animals treated with HN2 were obviously 
ill,  showing  lassitude,  an  unkempt  appearance,  and,  occasionally,  diarrhea. 
In  these  characteristics,  animals with  no  circulating granulocytes  (or  only 
basophils) showed no difference from animals with a  few circulating granulo- 
cytes other than basophils. The results in granulocytopenic animals (group I) 
are  compared with results in normal animals (group  II)  and with results in 
animals treated with HN2 24 hours prior to endotoxin administration (group 
III). Each of these animals received 5 #g. of endotoxin. Group III was included H~RIONs WALKER~ AND PALMER  1119 
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to  determine  whether  HN2  alters  the  febrile response  to  endotoxin prior  to 
the appearance of significant granulocytopenia. The mean fever curves of these 
three groups are shown in Fig.  1. The insignificant febrile response of animals 
with no circulating granulocytes is shown for comparison. 4 other granulocyto- 
penic animals (group I A) and 2 other normal animals (group II A) were each 
given  12  #g.  of endotoxin.  The  mean  fever curves of  these  two  groups  are 
shown in Fig. 2; the response of 2 animals with no circulating granulocytes to 
12 #g. of endotoxin is included for comparison. 
5 ~g.  of endotoxin produced an earlier maximum elevation of temperature 
in  the  granulocytopenic group  (160 minutes)  than  in  the  HN2-treated,  non- 
granulocytopenic group  (180 minutes);  both of these peaked earlier than  the 
control  group  (200  minutes).  The  difference  between  the  maximum  fever 
developed by the granulocytopenic group and  by the control group is highly 
significant  (p  =  < 0.01).  The difference between the maximum fever of  the 
HN2-treated,  non-granulocytopenic  group  and  the  maximum  fever  of  the 
control group is not significant. An analysis of the fever curves of these three 
groups by the non-parametric sign test, however, reveals a significant difference 
between each of the curves. This suggests that the febrile response to endotoxin 
is modified by HN2 prior to the onset of granulocytopenia. The febrile response 
at  the time of maximum granulocytopenia is less than the febrile response of 
normal animals or HN2-treated, non-granulocytopenic animals, each given the 
same dose of endotoxin. 
Response of Granulocytopenic Animals to Endogenous Pyrogen: 
The  ability  of  severely granulocytopenic  animals  to  develop  fever  from 
a stimulus other than endotoxin was tested with endogenous pyrogen contained 
in 10 ml. of 120 minute serum. Fig. 3 A  shows the mean febrile response of 5 
control animals, Fig. 3 B the mean response of 5 animals with 50 to 250 granu- 
locytes per ram3 of blood, and Fig. 3 C the mean response of 4 animals with 
no circulating granulocytes other than basophils to the same dose of endogenous 
pyrogen. It is apparent that granulocytopenic animals and animals with only 
basophils develop as much fever as control animals from endogenous pyrogen. 
DISCUSSION 
The failure, in previous studies, to detect differences in the febrile response 
to endotoxin between normal and leukopenic animals may have resulted from 
the use of small doses of endotoxin, a  submaximal fever was produced in the 
normal  animals  (14).  We  have  observed  a  submaximal  febrile  response  in 
normal rabbits with doses of E. coli lipopolysaccharide less than 1.5/~g.  per kg. 
With  equivalent  doses  of  endotoxin  there  may  be  produced  quantitatively 
less  endogenous serum pyrogen in  leukopenic than  in  normal  animals.  This 
could explain the failure of normal animals to develop fever following injection tIERION,  WALKER,  AND  PALMER  1123 
of 120 minute serum from these leukopenic animals. The results of our study 
suggest  such  a  quantitative  difference; the  amount  of  fever  developed  by 
]eukopenic  animals  is  roughly proportional  to  the  degree  of  persistence  of 
granulocytes. When a  few circulating granulocytes remain, a  biphasic febrile 
response to endotoxin occurs but this is significantly less  in magnitude than 
in  control animals.  Agranulocytic animals develop no significant fever after 
receiving endotoxin. When the number of circulating granulocytes is reduced, 
• the amount of endogenous pyrogen released is diminished; in severely granulo- 
cytopenic animals  it may be sufficiently reduced to be undetectable by assay 
in another animal, although sufficient to produce a  modified febrile response 
in  the  leukopenic  animal.  The  agranulocytic animals  and  those  with  only 
basophilic  granulocytes,  which  develop  no  fever  after  endotoxin  injection, 
exhibit  a  febrile  response  to  endogenous  pyrogen  equal  to  that  of  normal 
control animals. These findings support  the hypothesis that leukocyte endo- 
genous pyrogen is a necessary intermediate in endotoxin fever. 
Nitrogen  mustard  may modify endotoxin fever  prior  to  development  of 
granulocytopenia. This might result from a reduction in total available granu- 
locytes not reflected by the number in the circulation. The possibility exists, 
however, that mechanisms not concerned with leukocytes are responsible for 
this effect of HN2. 
Previous studies (20, 21) suggest that of the granulocytes the basophil is most 
resistant to  suppression  by HN,.  Our observations support  this. Animals in 
which  granulocytes comprised  only basophils  developed  no  fever  following 
endotoxin injection; this response was similar to that of agranulocytic animals. 
With even a few circulating granulocytes other than basophils definite, although 
modified, fever regularly occurred.  This  suggests that  basophils may be  ex- 
cluded as a  source of endogenous pyrogen. 
The  enhanced lethality of endotoxin in  leukopenic animals has  been pre- 
viously noted in irradiated (18) and HN~-treated (12) animals. Labeled endo- 
toxin given intravenously has been found to concentrate promptly in the buffy 
coat (19).  In vitro  incubation with granulocytes results in the inactivation of 
endotoxin (10). Thus granulocytes may play a major role in the in vivo inacti- 
vation of endotoxin; in their absence a  given dose of endotoxin may produce 
more intense biological effects. 
SUMMARY AND CONCLUSIONS 
The febrile response  to bacterial endotoxin was measured in rabbits made 
]eukopenic with nitrogen mustard. A striking increase in susceptibility to the 
lethal effects of endotoxin occurred in  severely leukopenic animals. Animals 
without circulating granulocytes, or with only basophils, developed no signifi- 
cant  fever  after  endotoxin injection.  Animals  with  circulating granulocytes 
other than basophils exhibited a  biphasic febrile response  to endotoxin; this 1124  ENDOTOXIN  FEVER 
response  was  significantly  less  in  magnitude  than  that  of  control  animals. 
Control  animals,  severely  granulocytopenic  animals,  and  animals  with  no 
circulating  granulocytes  other  than  basophils  showed  comparable  febrile 
responses  to  serum  pyrogen. 
These  results  suggest  that  granulocytes  inactivate  endotoxin  in  vivo  and 
support  the hypothesis  that leukocyte pyrogen is a  necessary intermediate  in 
endotoxin  fever. Basophils do not appear to participate  in this process.  These 
observations  also  contradict  previous  studies  that  were  taken  to  indicate  a 
normal  febrile  response  to  endotoxin  in  leukopenic  animals  and  suggest  that 
those results are related  to the persistence of granulocytes. 
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